Saudi Arabia is one of the countries that allot substantial amount of government resources for education. Thus, it is important to measure how these resources are used to generate favorable academic outcomes for its nationals. In this study, data envelopment analysis (DEA) is used to measure the relative efficiency of 25 public universities in Saudi Arabia. Results show that although most public universities in the country are efficient, some fall behind in performance due to poor utilization of available resources. Implications of this are discussed and recommendations are provided.
Introduction
It is believed that a country's robust higher education system has positive effects not only on its citizens but also on its economic growth and development. Within the context of globalization, institutions of higher learning are caught under pressure to produce competent graduates who can keep up with the demands of a highly advanced market economy. Supporting this argument, Teichler (2007) states that higher education increases the involvement of individuals in directly contributing to the economic wellbeing of society. Furthermore, he claims that higher education increases the likelihood for enhanced economic activities to take place as the skills and competencies that people develop bring in more opportunities for trade and income generation.
Such responsibility enlarges the demand for colleges, universities, and other higher education institutions to provide high quality educational programs and employ efficient governance systems. While quality of educational programs may be measured against industry and professional standards, efficiency of college or university governance systems may be assessed through their use of available financial, human, and other resources to generate academic-related work outputs such as: number of graduates, number of research publications, academic performance of students, among others. Thus, while program quality is controlled by external factors (professional organizations and/or standards making bodies), efficiency of universities primarily hinges on university policies and processes that are heavily dependent on their governing body or administration.
There is a difference, however, between the governance of public and private universities. While the Ministry of Education regulates both types of higher education institutions, public universities exercise less autonomy compared to private universities in policy development and implementation, especially in terms of identifying priority programs and allocating funds. Provided that public university education is a means for social service delivery of the government, they are mandated to comply with processes and mechanisms required from all government-owned and managed organizations. This reality provides another dimension that should be considered in examining the extent to which public universities are efficient.
Purpose of the Study
It is the goal of the present study to measure the efficiency of Saudi Arabian public universities relative to one another. In doing so, data envelopment analysis (DEA) is used as the framework to identify.
Questions of the Study
1) Which of the public universities in Saudi Arabia are able to maximize the use of their resources in producing academic output?
2) Which of the public universities in Saudi Arabia need to improve on their current programs, policies, and strategies to increase their outputs?
Review of Related Literature
This review of related literature has the following objectives: (1) present an overview of how universities in Saudi Arabia are governed and regulated, with emphasis on public universities; (2) to discuss current issues faced by public universities in Saudi Arabia; and (3) to explain how measuring efficiency may address some of these issues faced by higher education institutions in Saudi Arabia.
The Regulation of University Systems in Saudi Arabia
At present, there are 25 public universities and 9 private universities in Saudi Arabia. , 2011) . This plan is seen as a manifestation of the Kingdom's commitment to providing education for the people of the Kingdom at all levels (UNESCO, 2011).
The first public university in in Saudi Arabia was founded in 1957 (Al-Eisa & Smith, 2013) . Since then, the government has been hands on in all matters concerning higher education, most especially in public institutions of higher learning. This includes the number of students to be admitted, the number of faculty and staff, academic policies, staff rules and regulations (Alkhazim, 2003) There are 3 councils responsible for the governance and administration of each public university in Saudi Arabia, namely: the University Council, the Scientific Council, and the College or Department Councils (Al-Eisa & Smith, 2013) . The University Council serves as the highest decision-making body within the public university system (Al-Eisa & Smith, 2013) . Its roles are administrative by nature such that it formulates academic policies and develops strategic plans for the university. The Minister of Higher Education leads the Council while the university president, vice presidents, and deans serve as members (Al-Eisa & Smith, 2013) . A Higher Education Council representative and three faculty members of the university act as ex officio members (Al-Eisa & Smith, 2013) . This council decides on hiring faculty members, putting up departments or colleges, approving scholarship grants, as well as setting admissions standards (Al-Eisa & Smith, 2013) . Meanwhile, the Scientific Council is primarily responsible for academic activities that the university engages in such as research, fellowships, and other scientific activities (Al-Eisa & Smith, 2013) . The Vice President for Graduate Studies and Research Affairs leads this Council while heads of academic departments or colleges and academic staff are its members. Lastly, the College or Department Councils are concerned with the various academic program offerings of the university. They directly manage and govern students and personnel at their respective college and department levels.
Current Issues Faced by Public Universities in Saudi Arabia
Given that Saudi Arabia is a relatively new country, the natural process of development requires it to undergo changes and adjustments in terms of policies and processes, including those that concern higher education in which public universities are part of. In conducting this literature review, four major issues that need to be addressed emerged. These are: (1) governance and policy reforms; (Alkhazim, 2003) . (2) development of higher education programs based on the needs of the present labor market; (3) regulation of international programs; and (4) gender gap in higher education.
The issue on governance and policy reforms envelops matters regarding access, funding, and quality standards of public universities (Alkhazim, 2003) The emergence of this issue recognizes the fact that there are individuals in Saudi Arabia who live in areas without higher education institutions, that government funds are diminishing and may affect the type and amount of support given to individuals who express interest in seeking higher education, that there is not enough qualified faculty and staff who possess the necessary skills required to teach at university level, and that the Ministry of Higher Education has difficulties in setting higher education standards across different fields of study, in both private and public universities.
Meanwhile, another issue that confronts public universities in Saudi Arabia is the development of higher education programs based on the needs of the present labor market. While it is the Ministry of Higher Education's goal to contribute to their country's economic growth and development, the programs offered at the university level still need further enhancement to reach the country's desired end. According to (Issa & Siddiek, 2012) , there appears to be a disjunction in the programs of higher education institutions, the country's development needs, and the labor market in Saudi Arabia such that relevant work skills and attitudes of university students are underdeveloped by the time they graduate) (Issa & Siddiek, 2012) . Similarly, teachers and professors who have been trained locally are inclined to devote more time to the study of Islam instead of teaching students about recent science and technology-related topics. Provided that today's labor market is highly dependent on computers and information technology, this reality remains to be a challenge, especially in advancing commerce and trade (Issa & Siddiek, 2012) .
Subsequently, regulation of international programs is adds to the list of issues that Saudi Arabia's public institutions of higher learning are faced with. In the 2016 data of Global Flow of Tertiary Level Students published by the UNESCO Institute for Statistics (UIS), Saudi Arabia ranks as the 6th country with the most number of students studying abroad (73,548 students) (Elyas & Picard, 2013) . On one hand, this encourages Saudi nationals to gain new knowledge and perspectives from fellow students and professors in other geographical regions in the world. On the flipside, this raises the awareness of young Saudi professionals about their employment opportunities overseas that makes them reconsider returning to their home country after earning their degrees. If this issue is not addressed, then the number of science, technology, engineering, and mathematics professionals will continue to decline while the government's funds that support international study also diminish.
Lastly, the gender gap in public universities remains to be a challenge. While women in Saudi Arabia are allowed to enroll in public universities of higher learning, they are restrained from taking academic disciplines that are populated by male enrollees (e.g., engineering) (UNESCO Institute for Statistics, 2016). Hamdan (2005) further explains this claim, saying that women are not allowed to enlist in courses that require them to attend classes with men (Mazawi, 1999) . Recently, Profanter (2014) directly points out that this gender inequality is caused by the conservatism of the Muslim culture (Hamdan, 2005) . As a result, greater financial burden is placed on women who have a higher unemployment rate of 21.7% compared to a rate of 7.6% for men (Profanter, 2014) .
In sum, the issues faced by public universities in Saudi Arabia are multi-faceted. They require changes in policy, culture, as well as personal perceptions. Various reforms have been made by the government of Saudi Arabia to enhance its higher education system in the recent years. For instance, the "King Abdullah Scholarship Program" was launched in 2005 to address the lack of qualified teachers, professors, and other professionals needed by the market economy of Saudi Arabia (Profanter, 2014) The said scholarship program supports international education of both men and women at the baccalaureate, masters, and doctoral levels across various fields of study (Alamri, 2011) . Additionally, the Ministry of Higher Education renewed its commitment to equal educational opportunities by sponsoring less fortunate students to study at local private universities in Saudi Arabia by 2010 (Alamri, 2011) . However, monitoring and assessment of these reforms as well as the development of other reforms are still needed to address these issues faced by public universities in the said country. Additionally, measuring the performance of public universities at present is also needed to have an empirical basis for policy reform and development of interventions to improve the public university system in Saudi Arabia.
Measuring the Efficiency of Public Universities
The essential step in measuring efficiency is to compare the amount of resources used to produce a particular good/s or service/s and the actual amount of good/s and/or services produced. While this seems to be commonplace in the field of business, the efficiency of public universities has not been studied until the recent decades (i.e., Kabók development has been triggered by the need to keep up with the demands of the globalized market economy for highly skilled individuals who are crucial for innovation, commerce and trade.
Acknowledging this challenge, the government of Saudi Arabia responds by aiming to improve its education sector, including its public university system. In terms of funding, education-related activities were allocated 25% of total national budget in 2015, amounting to around USD 53 million (Avkiran, 2001) The funds are meant for the construction and renovation of universities, schools, and other infrastructure for the education of children and the youth (Government of the United Kingdom, 2015). However, despite this generous funding from the government, the Saudi Arabian public universities are still facing issues concerning higher education programs and university student outcomes, such as the below-par work skills and attitudes of university graduates (Government of the United Kingdom, 2015), the apparent disconnection between higher education programs that would address the demands of the labor market, and the gender gap in public university education, most especially in STEM university programs.
Analytical Framework
The use of DEA in evaluating the efficiency of educational institutions was a product of the US Department of Education's attempts to assess educational programs for less fortunate students in the 1970s. It was an expanded version of "The Measurement of Productive Efficiency", an article published by M. J. Farrell in the Journal of the Royal Statistical Society (1957) (Cooper, Seiford, & Tone, 2007) .
Developed by Charnes, Cooper, and Rhodes in 1978, DEA is a framework which is used to assess efficiency by comparing the amount of inputs against the outputs of organizations or entities. Over the past decades, this framework for analysis has been used across industries and disciplines with the aim of identifying possible means to optimize performance of various institutions.
In their seminal piece which was published in the European Journal of Operations Research, Charnes, Cooper, and Rhodes (1978) 
defined DEA as "a non-linear programming model provides a new definition of efficiency for use in evaluating activities of not-for-profit entities participating in public programs" (p. 429).
They clearly stated that it is a measure of efficiency where each participating unit in an organization called "decision making units or DMUs" are assigned weights based on information provided by multiple outputs and multiple inputs essential to the operations of the specific entity/ties being evaluated. In DEA, the efficiency of a particular decision making unit (DMU) is computed by comparing the weighted sum of the organization's inputs against the weighted sum of its outputs.
This framework of analysis will be used in the present study by comparing multiple university inputs (i.e., number of faculty, number of students, etc.) against multiple outputs (i.e., number of graduates, number of publications, etc.), the relative efficiency of Saudi Arabian public higher learning institutions. Through this analytical framework, the current study will be able to identify which of the 25 public universities are maximizing the use of their resources provided by the government to generate academic outputs and which of them lag behind in terms of performance. Towards the end of this study, recommendations regarding government policy reform and possible strategies that may be employed by these public higher learning institutions will be provided.
Methodology
The current study uses a quantitative research design, as necessitated by DEA as the framework for analysis. Data is obtained from public universities' annual statistics which are with the Ministry of Higher Education. The said government ministry makes government university statistics publicly available through its website (http://www.mohe.gov.sa). These data have been collected, organized, and analyzed through the use of Microsoft Office Excel Solver.
Sample
Since there are only 25 public universities in Saudi Arabia, data from all these universities were gathered to carry out the objectives of this study. Specifically, the following universities were included in analyzing the efficiency of public universities: Umm Al-Qura University Islamic University in Madinah, Imam Muhammad Ibn Saud University, King Saud University, King Abdul Aziz University, King Fahd University of Petroleum and Minerals, King Faisal University, King Khalid University, Qassim University, Taibah University, Taif University, King Saud bin Abdulaziz University for Health Sciences, Jizan University, University of Hail, Al Jawf University, Tabuk University, Al Baha University, Najran University, Princess Noura Bint Abdul Rahman University, Northern Border University, Shaqra University, Salman Bin AbdulAziz University, University of Dammam, Al Majma'ah University, and Saudi Electronic University. 
Procedures
After data were collected from the Ministry of Higher Education website, they were organized and clustered based on the input and output variables available to carry out the analysis. Using DEA as the framework of this study, the 25 universities are treated as the decision making units (DMUs), input variables include faculty and administrators while output variables are number of new entrants, number of enrollees, and number of graduates. These were then analyzed using the Microsoft Office Excel Solver Tool which generated the weights of each DMU and their efficiency scores.
Data envelopment analysis, when performed in Excel using the tool/macro Solver, simplifies the mathematical model on the input side by (1) using the function 'SUMPRODUCT' to combine weights and the input values of all the decision-making units (DMU); and (2) the product of the derived efficiency rate and the specific input value of the DMU in consideration. The solver, depicted above, illustrates how the efficiency rating of each public university. Interestingly, fifteen public universities operated at perfect efficiency (1.0) while 10 were not. The results of these analyses are presented in the next section.
Results
The data from 25 Saudi Arabian universities reveal that 15 of them are operating on perfect efficiency. The main issue to explore, then, is the group of schools running below perfect efficiency. The two highest-ranking schools below perfect efficiency, King Fahd University of Petroleum and Minerals and Taif University, present two examples of inefficiency caused by suboptimal and less productive inputs, respectively. King Fahd University of Petroleum and Minerals had nearly a thousand more administrators than the value that would make it perfectly efficient (2,003 against 1,907), while Taif University produced less new entrant associates, current (enrollment) associates, bachelor, and graduate degree-holders despite having the perfectly efficiently number of faculty and administrators. The same observation could be made about the second-worst performing DMU, University of Hail. University of Hail, despite being .37 points less efficient than Taif University, tallies perfectly efficient input values (faculty and administrators), yet has underperforming faculty and administrators due to the low output values relative to the rest of the DMUs that they help produce. This is yet another useful insight DEA helps bring about. Just like in the hypothetical example above, having perfectly efficient inputs does not guarantee perfect efficiency. These inputs may be performing at sub-optimality, which means they generate less output than the values found to be at perfect efficiency.
Conclusion and Recommendations
Two important points about data envelopment analysis (DEA) need to be underscored. First, DEA is used to measure the efficiency of like and comparable decision-making units (DMUs) relative to one another. A perfectly efficient DMU registers a score of 1, and is perfectly efficient relative to other DMUs it is being compared to. Thus, a perfectly efficient DMU in the context of DEA does not equate to a perfectly efficient DMU in a sample larger or even smaller than it originally was compared to.
Second, DEA helps alleviate the problem of comparing DMUs based on numerous outputs. Hypothetically, comparing two or more DMUs based on one output would lead to a plausible conclusion about which DMU is more efficient. For example, if School A has 50 faculty members who help produce 100 graduates, School B has 60 faculty and 90 graduates, and School C has 50 faculty and 95 graduates, it is clear that School A is the most efficient of the three DMUs. School A makes use of the least input to produce the most output. However, this is a very simplistic example. The real world is much more complicated, and efficiency of a DMU is measured through many different inputs and outputs. Here lies the value of DEA as it circumvents the problem of lining up multiple inputs and outputs to ascertain efficiency.
Despite not having restrictions or a minimum number of inputs and/or outputs, DEA is a tool that is maximized when as many pertinent inputs and outputs are incorporated into the dataset and calculation. This does not imply that a researcher should simply throw as many variables into a dataset. Rather, DEA welcomes the researcher to conceptualize as multi-dimensional a description of the measure under scrutiny. Applying this to the present research, the evaluation of university efficiency needs to integrate more inputs than faculty and administration. The number of classrooms, Internet or WI-FI access, and average number of office hours a faculty member holds are just some examples of inputs that could contribute to a richer operationalization of university efficiency.
